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(57) With respect to a monolithic ceramic capacitor
including external electrodes provided with a function as
a resistance element, a favorable structure for the exter-
nal electrode is provided, the structure being capable of
preventing reduction of the external electrode due to bak-
ing in a reducing atmosphere, so that Ni or a Ni alloy can
be used in an internal electrode and a good electrical
connection between the internal electrode and the exter-

nal electrode can be realized. The structure of the exter-
nal electrode (6 and 7) disposed on an outer surface of
a capacitor main body (2) is allowed to include an elec-
trically conductive layer (8) and a metal plating layer (9)
disposed thereon, and the electrically conductive layer
(8) is allowed to have a composition containing a com-
pound oxide, e.g., an In-Sn compound oxide, which re-
acts with Ni or the Ni alloy, and a glass component.
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Description

Technical Field

[0001] The present invention relates to a monolithic ceramic capacitor and a method for adjusting an equivalent series
resistance thereof. In particular, it relates to a monolithic ceramic capacitor including external electrodes provided with
a function as a resistance element and a method for adjusting an equivalent series resistance thereof.

Background Art

[0002] Heretofore, capacitors have been used separately in such a way that a monolithic ceramic capacitor has been
used for eliminating high-frequency voltage fluctuations of a smoothing circuit, whereas a tantalum capacitor or an
aluminum electrolytic capacitor has been used for eliminating low-frequency voltage fluctuations.
[0003] As described above, the monolithic ceramic capacitor has been used merely for eliminating high-frequency
voltage fluctuations because the equivalent series resistance (ESR) of the monolithic ceramic capacitor is smaller than
those of the tantalum capacitor and the aluminum electrolytic capacitor and, therefore, the components constituting the
equivalent circuit of the monolithic ceramic capacitor becomes substantially merely a C component and an L component,
so that oscillation occurs easily in response to low-frequency voltage fluctuations and a noise is generated. Consequently,
in order to eliminate low-frequency voltage fluctuations, a capacitor, which does not oscillate in response to low-frequency
voltage fluctuations, having a large ESR, that is, the above-described tantalum capacitor or the aluminum electrolytic
capacitor must be used.
[0004] However, the tantalum capacitor and the aluminum electrolytic capacitor are large as compared with the mon-
olithic ceramic capacitor, and miniaturization of an electronic apparatus provided with such a capacitor is inhibited.
[0005] On the other hand, a method, in which a resistance element serving as a discrete component is connected to
a monolithic ceramic capacitor in series and, thereby, a circuit is provided with a resistance component so as to suppress
oscillation in response to low-frequency voltage fluctuations, is also used. However, in this case, a mounting area for
connecting the resistance element serving as a discrete component is required. This also inhibits miniaturization of the
electronic apparatus.
[0006] In order to solve the above-described problems, it has been proposed to provide a function as a resistance
element to external electrodes included in a monolithic ceramic capacitor.
[0007] For example, Japanese Unexamined Patent Application Publication No. 4-337616 (Patent Document 1) de-
scribes that a metal oxide film is formed on an external electrode surface, and the thickness of the metal oxide film is
changed by applying, e.g., barrel polishing so as to adjust the ESR.
[0008] Japanese Unexamined Patent Application Publication No. 11-121276 (Patent Document 2) describes that an
intermetallic compound between an external electrode and Sn is formed so as to adjust the ESR.
[0009] Japanese Unexamined Patent Application Publication No. 2001-223132 (Patent Document 3) describes that
an external electrode is configured to have a three-layer structure composed of a first electrically conductive layer formed
from an oxidation-resistant metal, a second electrically conductive layer which is disposed thereon and which is a mixture
of an electrically conductive oxide and an insulating oxide, and a third electrically conductive layer which is disposed
thereon and which is formed from an oxidation-resistant metal so as to increase the ESR.
[0010] In an example described in Patent Document 3, the first electrically conductive layer is formed by baking in a
N2 or N2/H2 atmosphere. The second electrically conductive layer primarily contains ruthenium oxide, a ruthenium oxide
compound, or graphite, and is formed by baking in the air. The third electrically conductive layer has a primary component
containing at least one type of metal selected from Pd, Ag, Pt, Au, Rh, Ir, and Ru, and is formed by baking in the air.
[0011] However, individual technologies described in the above-described Patent Documents 1 to 3 have the following
problems.
[0012] The technology described in Patent Document 1 has a problem in that the adjustment of the ESR is relatively
difficult because the ESR is adjusted by the thickness of the metal oxide film.
[0013] The technology described in Patent Document 2 has a problem in that it is difficult to attain an adequate ESR
because the resistivity of the intermetallic compound is relatively small.
[0014] In the technology described in Patent Document 3, the external electrode is a thick film and has a three-layer
structure, each layer being formed by baking. Therefore, the thickness of the entire external electrode is increased, and
miniaturization of the component is inhibited. Furthermore, since the oxidation-resistant metal is a noble metal, the
material costs of the first and the third electrically conductive layer formed from the oxidation-resistant metal are increased.
[0015] In the technology described in Patent Document 3, if ruthenium oxide is used as the material for the second
electrically conductive layer, baking in an oxidizing atmosphere, e.g., in the air, is indispensable because reduction
occurs due to firing in a neutral or reducing atmosphere, e.g., in the N2 atmosphere. However, in order to endure the
baking in the oxidizing atmosphere, an expensive noble metal must be used as the material for the internal electrode
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disposed in the capacitor main body, and it becomes impossible to use Ni or a Ni alloy, which is in the mainstream at
present, as the material for the internal electrode.
[0016] In the case where a resistant component, e.g., a ruthenium oxide compound which is not reduced, is used as
the material for the above-described second electrically conductive layer, a layer for ensuring the continuity to the internal
electrode is further required because a highly reliable electrical connection state is not ensured between the second
electrically conductive layer and the internal electrode. The above-described first electrically conductive layer has a
function of ensuring the continuity to the internal electrode as well. Therefore, in the technology described in Patent
Document 3, the first to the third electrically conductive layers are indispensable, and an increase of the thickness of
the external electrode cannot be avoided.

Patent Document 1: Japanese Unexamined Patent Application Publication No. 4-337616

Patent Document 2: Japanese Unexamined Patent Application Publication No. 11-121276

Patent Document 3: 2001-223132

Disclosure of Invention

Problems to be Solved by the Invention

[0017] Accordingly, the object of the present invention is to provide a monolithic ceramic capacitor including external
electrodes capable of solving the above-described problems and a method for adjusting the equivalent series resistance
thereof.

Means for Solving the Problems

[0018] An aspect of the present invention is directed to a monolithic ceramic capacitor characterized by including a
capacitor main body having a layered structure, in which ceramic layers and internal electrodes are layered alternately,
and external electrodes disposed on an outer surface of the capacitor main body in such a way as to electrically connect
to the internal electrodes, wherein the internal electrode contains Ni or a Ni alloy, and the external electrode includes a
first electrically conductive layer containing a compound oxide, which reacts with the above-described Ni or the Ni alloy,
and a glass component in order to solve the above-described technical problems.
[0019] Preferably, the above-described compound oxide includes an In-Sn compound oxide.
[0020] Preferably, the external electrode further includes a metal plating layer disposed on the outer surface side of
the first electrically conductive layer. In this case, more preferably, the external electrode further includes a second
electrically conductive layer, which is disposed between the first electrically conductive layer and the metal plating layer
and which contains Cu or a Cu alloy, or a second electrically conductive layer including an electrically conductive resin
primarily containing an electrically conductive metal component and a thermosetting resin.
[0021] Preferably, the above-described metal plating layer includes a Ni plating layer serving as a substrate and a Sn
plating layer or a solder plating layer disposed on the Ni plating layer.
[0022] The first electrically conductive layer may further include an electrically conductive metal component or an
insulating oxide for adjusting the resistance value of the external electrode.
[0023] Another aspect of the present invention is directed to a method for adjusting an equivalent series resistance
of the above-described monolithic ceramic capacitor, that is, the monolithic ceramic capacitor including a capacitor main
body having a layered structure, in which ceramic layers and internal electrodes are layered alternately, and external
electrodes disposed on an outer surface of the capacitor main body in such a way as to electrically connect to the internal
electrodes, wherein the internal electrode contains Ni or a Ni alloy, and the external electrode includes an electrically
conductive layer containing a compound oxide, which reacts with the above-described Ni or the Ni alloy, and a glass
component.
[0024] The method for adjusting an equivalent series resistance of a monolithic ceramic capacitor according to an
aspect of the present invention is characterized by including the step of adjusting the resistance value of the external
electrode by changing at least one of the amount of addition of the glass component contained in the electrically conductive
layer and the glass softening point.
[0025] Preferably, an In-Sn compound oxide is used as the above-described compound oxide contained in the elec-
trically conductive layer.
[0026] In the case where the electrically conductive layer included in the external electrode contains an electrically
conductive metal component or an insulating oxide, in addition to a compound oxide and a glass component, the
resistance value of the external electrode is adjusted by changing at least one of the amount of addition of the glass
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component, the glass softening point, and the amount of addition of the electrically conductive metal component or the
insulating oxide.
[0027] In the case where the external electrode includes a first electrically conductive layer, which contains a compound
oxide and a glass component, and a second electrically conductive layer which is disposed on the outer surface side of
the first electrically conductive layer and which includes an electrically conductive resin primarily containing an electrically
conductive metal component and a thermosetting resin, the resistance value of the external electrode is adjusted by
changing at least one of the amount of addition of the glass component contained in the first electrically conductive layer,
the glass softening point, and the amount of addition of the electrically conductive metal component contained in the
second electrically conductive layer.
[0028] In the case where the above-described first electrically conductive layer contains an electrically conductive
metal component or an insulating oxide in addition to a compound oxide and a glass component, the resistance value
of the external electrode is adjusted by changing at least one of the amount of addition of the glass component contained
in the first electrically conductive layer, the glass softening point, the amount of the electrically conductive metal com-
ponent or an insulating oxide, and the amount of addition of the electrically conductive metal component contained in
the second electrically conductive layer.
[0029] In the method for adjusting an equivalent series resistance of a monolithic ceramic capacitor according to an
aspect of the present invention, the method may further including the step of adjusting the equivalent series resistance
of the monolithic ceramic capacitor by changing the length of a side, which is in contact with the first electrically conductive
layer, of the lead portion electrically connected to the external electrode with respect to at least one of the internal
electrodes.
[0030] In the case where the above-described method for adjusting an equivalent series resistance is applied, in the
typical structure of the monolithic ceramic capacitor, the length of a side, which is in contact with the first electrically
conductive layer, of the lead portion of at least one of the internal electrodes is smaller than the length of the side, which
is opposed to the lead portion, of the internal electrode.

Advantages

[0031] The inventors of the present invention have conducted various researches on a substance capable of becoming
a resistant component (an electrically conductive component having a predetermined resistance value), and as a result,
a compound oxides, e.g., an In-Sn compound oxide or a La-Cu compound oxide, which has reacted with Ni or a Ni alloy,
has been found.
[0032] Since the above-described compound oxide has adequate reduction resistance, baking in a neutral or reducing
atmosphere, e.g., a N2 atmosphere, can be applied without problems. As a result, even when Ni or a Ni alloy is used in
the internal electrode disposed in the capacitor main body, no problem occurs.
[0033] Furthermore, since an intermetallic compound, e.g., a Ni-Sn intermetallic compound or a Ni-Cu intermetallic
compound, is formed between the above-described compound oxide and the internal electrode containing Ni or the Ni
alloy, a highly reliable electrical connection state between the first electrically conductive layer, which is disposed in the
external electrode and which contains the above-described compound oxide, and the internal electrode can be realized.
Consequently, a layer for ensuring the continuity between the first electrically conductive layer and the internal electrode
is not specifically required, an increase of the thickness of the external electrode can be avoided, and as a result,
miniaturization of the monolithic ceramic capacitor is facilitated.
[0034] An adequate connection state cannot be achieved when the external electrode and the internal electrode are
merely in contact with each other. As described above, the external electrode and the internal electrode are chemically
reacted so as to form, for example, a solid solution or an intermetallic compound and, thereby, an adequate connection
state can be achieved. For the monolithic ceramic capacitor, to which the present invention is directed, in particular, the
external electrode and the internal electrode are required to connect with each other adequately. Therefore, there is an
important meaning in that a compound oxide, which reacts with Ni or the Ni alloy, is contained in the first electrically
conductive layer in direct contact with the internal electrode containing Ni or the Ni alloy.
[0035] The resistance value of the first electrically conductive layer containing the above-described compound oxide
and the glass component can easily be controlled, as is clear from the effect of the method for adjusting a equivalent
series resistance described below.
[0036] In the monolithic ceramic capacitor according to an aspect of the present invention, when the external electrode
further includes a metal plating layer disposed on the outer surface side of the first electrically conductive layer, the
weather resistance of the monolithic ceramic capacitor can be ensured and, in addition, the monolithic ceramic capacitor
can be made suitable for a surface-mounting component.
[0037] When the external electrode further includes the second electrically conductive layer, which is disposed between
the above-described first electrically conductive layer and the metal plating layer and which contains Cu or a Cu alloy,
the weather resistance of the monolithic ceramic capacitor can be further improved and, in addition, the monolithic
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ceramic capacitor can be provided with adequate plating resistance required in the plating step for forming the metal
plating layer.
[0038] When the external electrode further includes the second electrically conductive layer, which is disposed between
the above-described first electrically conductive layer and the metal plating layer and which contains the electrically
conductive resin primarily containing the electrically conductive metal component and the thermosetting resin, not only
effects similar to those in the above-described case where the second electrically conductive layer containing Cu or the
Cu alloy is further included are exerted, but also an effect that the resistance value of the external electrode can also
be adjusted by changing the amount of addition of the electrically conductive metal component contained in the second
electrically conductive layer is exerted. For the second electrically conductive layer containing Cu or the Cu alloy, a
baking treatment at a temperature of, for example, about 800°C is required to form it. However, the second electrically
conductive layer containing the above-described electrically conductive resin can be formed by a heat-curing treatment
at a relatively low temperature of about 250°C, for example. Therefore, the energy required for heating can be reduced
as compared with that in the case where the second electrically conductive layer contains Cu or the Cu alloy, and heating
facilities can be further simplified, so that the steps can be further simplified.
[0039] When the metal plating layer includes the Ni plating layer serving as a substrate and the Sn plating layer or
the solder plating layer disposed on the Ni plating layer, the external electrode can be provided with good solderability
and, therefore, the monolithic ceramic capacitor can be made suitable for surface mounting by soldering.
[0040] When the first electrically conductive layer further contains the electrically conductive metal component or the
insulating oxide for adjusting the resistance value of the external electrode, the resistance value of the external electrode
can also be adjusted by changing the amount of addition of the electrically conductive metal component or the insulating
oxide.
[0041] In the method for adjusting an equivalent series resistance of a monolithic ceramic capacitor according to an
aspect of the present invention, the compound oxide, e.g., the In-Sn compound oxide, which is an electrically conductive
component having a predetermined resistance value, is used in the electrically conductive layer disposed in the external
electrode, and the resistance value of the external electrode is adjusted by changing at least one of the amount of
addition of the glass component, which is an electrically insulating component, and the glass softening point. Therefore,
the equivalent series resistance of the monolithic ceramic capacitor can easily be adjusted.
[0042] In the case where the above-described electrically conductive layer further contains the electrically conductive
metal component or the insulating oxide, the resistance value of the external electrode can also be adjusted by changing
the amount of addition of the electrically conductive metal component or the insulating oxide in addition to the change
of at least one of the amount of addition of the glass component and the glass softening point. Consequently, the
diversification of methods for adjusting the resistance value of the external electrode can be facilitated.
[0043] In the case where the external electrode includes the second electrically conductive layer which is disposed
on the outer surface side of the first electrically conductive layer and which includes the electrically conductive resin
primarily containing the electrically conductive metal component and the thermosetting resin, besides the above-de-
scribed electrically conductive layer, that is, the first electrically conductive layer, not only the adjustment of the resistance
value on the first electrically conductive layer side, but also the adjustment of the resistance value by changing the
amount of addition of the electrically conductive metal component contained in the second electrically conductive layer
becomes possible. Consequently, the diversification of methods for adjusting the resistance value of the external electrode
can be further facilitated.
[0044] Furthermore, in the method for adjusting an equivalent series resistance of a monolithic ceramic capacitor
according to an aspect of the present invention, the equivalent series resistance of a monolithic ceramic capacitor can
also be adjusted by changing the length of the side, which is in contact with the first electrically conductive layer, of the
lead portion disposed in the internal electrode. Consequently, the adjustment width of the equivalent series resistance
can be further increased by adopting this method.

Brief Description of the Drawings

[0045]

[Fig. 1] Fig. 1 is a front view illustrating a monolithic ceramic capacitor 1 according to a first embodiment of the
present invention with reference to a cross section along the stacking direction.
[Fig. 2] Fig. 2 is a front view illustrating a monolithic ceramic capacitor 11 according to a second embodiment of the
present invention with reference to a cross section along the stacking direction.
[Fig. 3] Fig. 3 is a front view illustrating a monolithic ceramic capacitor 21 according to a third embodiment of the
present invention with reference to a cross section along the stacking direction.
[Fig. 4] Fig. 4 is a plan view illustrating a monolithic ceramic capacitor 31 according to a fourth embodiment of the
present invention with reference to a cross section extending in a direction of a principal surface of a ceramic layer 3.
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[Fig. 5] Fig. 5 is a diagram showing the relationship between the Ag exposure factor and the ESR based on the data
obtained in Experimental example 4.

Reference Numerals

[0046]

1, 11, 21, 31 monolithic ceramic capacitor
2 capacitor main body
3 ceramic layer
4, 5 internal electrode
6, 7 external electrode
8 first electrically conductive layer
9 metal plating layer
12, 12a second electrically conductive layer
32 lead portion
33, 34 length of side

Best Mode for Carrying Out the Invention

[0047] Fig. 1 shows a monolithic ceramic capacitor 1 according to a first embodiment of the present invention.
[0048] The monolithic ceramic capacitor 1 includes a capacitor main body 2. The capacitor main body 2 has a layered
structure in which a plurality of ceramic layers 3 formed from dielectric ceramic and internal electrodes 4 and 5 containing
Ni or a Ni alloy are layered alternately. The internal electrodes 4 and the internal electrodes 5 are disposed in a staggered
configuration, and are opposed to each other with ceramic layers 3 therebetween, so that capacitance is formed.
[0049] External electrodes 6 and 7 are disposed on the outer surface of the capacitor main body 2, specifically on
opposed end portions. One external electrode 6 is electrically connected to the internal electrodes 4, and the other
external electrode 7 is electrically connected to the internal electrodes 5.
[0050] In the above-described monolithic ceramic capacitor 1, each of the external electrodes 6 and 7 includes an
electrically conductive layer 8 containing a compound oxide, e.g., an In-Sn compound oxide, which serves as an elec-
trically conductive component having a predetermined resistance value and which reacts with Ni or a Ni alloy, and a
glass component serving as an electrically insulating component and a metal plating layer 9 disposed thereon.
[0051] Examples of compound oxides, which react with Ni or the Ni alloy, as described above, include a La-Cu
compound oxide and a Sr-Fe compound oxide, besides the In-Sn compound oxide. With respect to the In-Sn compound
oxide, the La-Cu compound oxide, and the Sr-Fe compound oxide, Sn, Cu, and Fe, respectively, as metal elements
contained therein, react with Ni or the Ni alloy.
[0052] In the case where the electrically conductive layer 8 contains the In-Sn compound oxide, the electrically con-
ductive layer 8 is formed by applying a paste containing an In-Sn compound oxide powder, glass frit, and an organic
binder to the end portions of the capacitor main body 2, followed by baking in a N2 atmosphere, for example. The above-
described In-Sn compound oxide powder can be produced, for example, in such a way that an In2O3 powder is mixed
with a predetermined amount of SnO2 powder, calcination is performed in the air under the temperature and time
conditions suitable for formation of adequate solid solution of SnO2 and, thereafter, a grinding treatment is performed.
Preferably, the amount of addition of SnO2 powder is selected in such a way that the SnO2 powder becomes within the
range of 1 to 15 percent by weight relative to a total amount of In2O3 powder and SnO2 powder from the view point of
the electrical conductivity and the reduction resistance.
[0053] The electrically conductive layer 8 may further contain an electrically conductive metal component, e.g., Ag,
or an insulating oxide, e.g., Al2O3 or ZrO2, in order to adjust the resistance values of the external electrodes 6 and 7.
[0054] Although not shown in the drawing in detail, it is preferable that the metal plating layer 9 includes a Ni plating
layer serving as a substrate and a Sn plating layer or a solder plating layer disposed on the Ni plating layer.
[0055] In the above-described monolithic ceramic capacitor 1, the electrically conductive layer 8 can be baked in a
neutral or reducing atmosphere, e.g., a N2 atmosphere, because the compound oxide, e.g., the In-Sn compound oxide,
contained in the electrically conductive layer 8 has adequate reduction resistance. In this baking step, when the electrically
conductive layer 8 contains, for example, the In-Sn compound oxide, a highly reliable electrical connection state between
the electrically conductive layer 8 and the internal electrodes 4 and 5 can be ensured because a Ni-Sn intermetallic
compound is formed between the In-Sn compound oxide and Ni or the Ni alloy contained in the internal electrodes 4 and 5.
[0056] When the electrically conductive layer 8 contains the La-Cu compound oxide, a Ni-Cu intermetallic compound
is formed between the La-Cu compound oxide and Ni or the Ni alloy contained in the internal electrodes 4 and 5, and
when the electrically conductive layer 8 contains the Sr-Fe compound oxide, a Ni-Fe intermetallic compound is formed
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between the Sr-Fe compound oxide and Ni or the Ni alloy contained in the internal electrodes 4 and 5. Consequently,
a highly reliable electrical connection state between the electrically conductive layer 8 and the internal electrodes 4 and
5 can be ensured.
[0057] The presence of the metal plating layer 9 in each of the external electrodes 6 and 7 ensures the weather
resistance of the monolithic ceramic capacitor 1, and can provide good solderability to the external electrodes 6 and 7
when the monolithic ceramic capacitor 1 is surface-mounted.
[0058] In order to adjust the equivalent series resistance (ESR) of the monolithic ceramic capacitor 1, the resistance
values of the external electrodes 6 and 7 are adjusted. The resistance values of the external electrodes 6 and 7 are
controlled substantially by the resistance value of the electrically conductive layer 8. In the electrically conductive layer
8, the compound oxide, e.g., the In-Sn compound oxide, functions as an electrically conductive component having a
predetermined resistance value, and the glass component functions as an electrically insulating component. Therefore,
the adjustment of the resistance value of the electrically conductive layer 8 can easily be performed by changing at least
one of the amount of addition of the glass component contained therein and the glass softening point, as is ascertained
in Experimental example described below.
[0059] When the electrically conductive layer 8 further contains an electrically conductive metal component, e.g., Ag,
this electrically conductive metal component functions as an electrically conductive component for reducing the resistance
value. Conversely, when the electrically conductive layer 8 further contains an insulating oxide, e.g., Al2O3 or ZrO2, this
insulating oxide functions as an insulating component for increasing the resistance value. Therefore, in this case, the
resistance value of the electrically conductive layer 8, and by extension the resistance values of the external electrodes
6 and 7, can be adjusted by changing at least one of the amount of addition of the glass component, the glass softening
point, and the amount of addition of the electrically conductive metal component or the insulating oxide. As a result, the
ESR of the monolithic ceramic capacitor 1 can be adjusted.
[0060] Fig. 2 shows a monolithic ceramic capacitor 11 according to a second embodiment of the present invention.
The monolithic ceramic capacitor 11 shown in Fig. 2 includes many elements common to those in the monolithic ceramic
capacitor 1 shown in the above-described Fig. 1. Therefore, in Fig. 2, the elements corresponding to the elements shown
in Fig. 1 are indicated by the same reference numerals as those set forth above and explanations thereof will not be
repeated.
[0061] The monolithic ceramic capacitor 11 shown in Fig. 2 is characterized in that each of external electrodes 6 and
7 further includes a second electrically conductive layer 12 containing Cu or a Cu alloy. The second electrically conductive
layer 12 is disposed on the outer surface side of the first electrically conductive layer 8, that is, between the first electrically
conductive layer 8 and the metal plating layer 9.
[0062] For example, the second electrically conductive layer 12 can be formed by applying a paste containing a Cu
powder or a Cu alloy powder, glass frit, and an organic vehicle to the first electrically conductive layer 8 in such a way
as to cover the first electrically conductive layer 8, followed by baking.
[0063] According to the second embodiment, the weather resistance of the monolithic ceramic capacitor 11 can be
further improved by the presence of the second electrically conductive layer 12. In addition, the monolithic ceramic
capacitor 11 can be provided with adequate plating resistance required in the plating step for forming the metal plating
layer 9.
[0064] Fig. 3 shows a monolithic ceramic capacitor 21 according to a third embodiment of the present invention. The
monolithic ceramic capacitor 21 shown in Fig. 3 includes many elements common to those in the monolithic ceramic
capacitor 1 shown in the above-described Fig. 1 or the monolithic ceramic capacitor 11 shown in Fig. 2. Therefore, in
Fig. 3, the elements corresponding to the elements shown in Fig. 1 or Fig. 2 are indicated by the same reference numerals
as those set forth above and explanations thereof will not be repeated.
[0065] The monolithic ceramic capacitor 21 shown in Fig. 3 is characterized in that each of external electrodes 6 and
7 further includes a second electrically conductive layer 12a including an electrically conductive resin primarily containing
an electrically conductive metal component and a thermosetting resin. The second electrically conductive layer 12a is
disposed on the outer surface side of the first electrically conductive layer 8, that is, between the first electrically conductive
layer 8 and the metal plating layer 9.
[0066] For example, the second electrically conductive layer 12a can be formed by applying an electrically conductive
resin containing an electrically conductive metal component, e.g., a Ag powder, and a thermosetting resin, e.g., a phenol
resin, to the first electrically conductive layer 8 in such a way as to cover the first electrically conductive layer 8, followed
by heat curing.
[0067] According to the third embodiment, not only the weather resistance can be improved and the plating resistance
can be provided by the presence of the second electrically conductive layer 12a, as in the second embodiment, but also
the resistance values of the external electrodes 6 and 7 can also be adjusted by changing the amount of addition of the
electrically conductive metal component contained in the second electrically conductive layer 12a. That is, the exposure
factor of the electrically conductive metal component at the surface of the second electrically conductive layer 12a is
changed by changing the amount of addition of the electrically conductive metal component and, thereby, the resistance
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values of the external electrodes 6 and 7 can be adjusted.
[0068] The second electrically conductive layer 12a can be formed by a heat-curing treatment at a relatively low
temperature of about 250°C, for example. Therefore, the energy required for the heating in this heat curing can be
reduced, and heating facilities can be further simplified, so that the steps can be further simplified.
[0069] In the first and the second embodiments, the first electrically conductive layer 8 may contain or may not contain
the electrically conductive metal component, e.g., Ag, or the insulating oxide, e.g., Al2O3 or ZrO2.
[0070] Fig. 4 is a plan view illustrating a monolithic ceramic capacitor 31 according to a fourth embodiment of the
present invention with reference to a cross section extending in a direction of a principal surface of a ceramic layer 3.
The monolithic ceramic capacitor 31 shown in Fig. 4 includes many elements common to those in the monolithic ceramic
capacitor 1 shown in the above-described Fig. 1. Therefore, in Fig. 4, the elements corresponding to the elements shown
in Fig. 1 are indicated by the same reference numerals as those set forth above and explanations thereof will not be
repeated.
[0071] The structure of the monolithic ceramic capacitor 31 is characterized in that the length 33 of a side, which is
in contact with the first electrically conductive layer 8, of the lead portion 32, which is electrically connected to the external
electrode 6, of the internal electrode 4 is smaller than the length 34 of the side, which is opposed to the lead portion 32,
of the internal electrode 4. Although not shown in Fig. 4, substantially the same configuration as that of the internal
electrode 4 is adopted for the internal electrode 5 opposed to the internal electrode 4 with the ceramic layer 3 therebetween.
[0072] The above-described structural features result from application of the following ESR adjusting method.
[0073] In the above-described first to third embodiments, the ESRs of the monolithic ceramic capacitors 1, 11, and
21 are adjusted by adjusting the resistance values of the external electrodes 6 and 7 themselves. However, in the fourth
embodiment, the ESR of the monolithic ceramic capacitor 31 is adjusted by changing the length 33 of the side, which
is in contact with the first electrically conductive layer 8, of the lead portion 32, in addition to the adjustment of the
resistance values of the external electrodes 6 and 7.
[0074] In the case where the first electrically conductive layer exhibits a relatively high resistance value, the ESR of
the monolithic ceramic capacitor 31 can be changed to a relatively large degree by changing the length 33 of the side,
which is in contact with the first electrically conductive layer 8, of the lead portion 32, as is clear from Experimental
example described below. Therefore, according to the fourth embodiment, a wider adjustment width can be realized
with respect to the ESR adjustment.
[0075] In the above description, the length 33 of the side of the lead portion 32 in the internal electrode 4 is changed.
Preferably, the length of the side of the lead portion in the other internal electrode 5 is changed likely. The lengths of
the sides of all the internal electrodes 4 and 5 may not be changed to adjust the ESR. The change of length of the side
may be performed in at least one of the internal electrodes 4 and 5.
[0076] The external electrodes 6 and 7 disposed in the monolithic ceramic capacitor 31 shown in Fig. 4 are composed
of merely the first electrically conductive layer 8. However, this is not an essential feature of the fourth embodiment. The
configuration included in the external electrodes 6 and 7 shown in Fig. 1, Fig. 2, or Fig. 3 may be adopted in the monolithic
ceramic capacitor 31 according to the fourth embodiment.
[0077] Up to this point, the present invention has been described with reference to illustrated embodiments. However,
other various modification can be made within the scope of the present invention.
[0078] For example, the external electrodes 6 and 7 include the electrically conductive layers 8 and the metal plating
layer 9 in the first embodiment, and have the layered structures including the first electrically conductive layers 8, the
second electrically conductive layer 12 or 12a, and the metal plating layer 9 in the second and the third embodiments.
However, layers having other functions may be further interposed between these layers.
[0079] In the illustrated embodiments, both the external electrodes 6 and 7 include the electrically conductive layer 8
and the like and, thereby, are also provided with the function as the resistance element. However, the structure including
the electrically conductive layer 8 and the like for providing the function as the resistance element may be adopted in
only one of the external electrodes 6 and 7.
[0080] The experimental examples carried out to ascertain the effects of the present invention will be described below.

(Experimental example 1)

[0081] Experimental example 1 was carried out to ascertain the effects of the compound oxide, which constitutes a
distinctive configuration of the present invention and which reacts with Ni or a Ni alloy, in particular the In-Sn compound
oxide and the La-Cu compound oxide.
[0082] A capacitor main body designed in such a way that an internal electrode contains Ni and the capacitance
becomes 1 PF was prepared for a monolithic ceramic capacitor by a known method.
[0083] On the other hand, in order to form an electrically conductive layer containing a resistance component, an
electrically conductive layer paste was prepared as described below, in the example within the scope of the present
invention.
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[0084] In an example containing the In-Sn compound oxide, an In2O3 powder was mixed with a SnO2 powder in such
a way that the content of the SnO2 powder becomes 5 percent by weight relative to a total amount of the In2O3 powder
and the SnO2 powder, and calcination was performed in the air at 1,400°C for 5 hours, so that SnO2 was allowed to
form a solid solution adequately. Thereafter, a grinding treatment was performed until the average particle diameter
became about 1 Pm, so that an In-Sn compound oxide powder was produced. It was ascertained that even when the
amount of addition of the above-described SnO2 powder was varied within the range of 1 to 15 percent by weight, the
In-Sn compound oxide exhibited nearly equal electrical conductivity.
[0085] The thus produced In-Sn compound oxide powder was mixed with glass frit (B-Si-Zn-Ba-Ca-Al based glass,
softening point: about 560°C, average particle diameter: about 1 Pm) and an organic vehicle containing 80 parts by
weight of terpineol based organic solvent and 20 parts by weight of acrylic resin binder in such a way that a volume
ratio, "In-Sn compound oxide":"glass":"organic vehicle", became 1:1:8, and a roll dispersion treatment was performed,
so that an electrically conductive layer paste containing the In-Sn compound oxide was produced.
[0086] Each end portion of the thus prepared capacitor main body was coated with the above-described electrically
conductive layer paste by a dip method, followed by drying at a temperature of 150°C for 10 minutes. The coating film
thickness after the drying was about 60Pm.
[0087] The capacitor main body coated with the electrically conductive layer paste and dried, as described above,
was passed through a continuous belt furnace, so as to be subjected to a heat treatment to keep at a maximum temperature
of 780°C for 15 minutes in a N2 atmosphere (oxygen concentration: 10 ppm or less), so that a monolithic ceramic
capacitor serving as a sample was produced.
[0088] In an example containing the La-Cu compound oxide, an La2O3 powder and a CuO powder was mixed at a
molar ratio of 1:1, and calcination was performed in the air at 1,500°C for 5 hours, so that the reaction was performed
adequately. Thereafter, a grinding treatment was performed until the average particle diameter became about 1 Pm, so
that an La-Cu compound oxide powder was produced.
[0089] Subsequently, an electrically conductive layer paste containing the La-Cu compound oxide was produced
through the operation similar to that for the above-described In-Sn compound oxide powder. A monolithic ceramic
capacitor serving as a sample was produced by using the resulting paste.
[0090] For Comparative examples, an electrically conductive paste was prepared by using RuO2, a Ca-Sr-Ru com-
pound oxide, or graphite in place of the In-Sn compound oxide or the La-Cu compound oxide. A monolithic ceramic
capacitor serving as a sample was prepared in a manner similar to those in the example.
[0091] The capacitance and the ESR of the monolithic ceramic capacitor of each sample were measured and, in
addition, it was evaluated whether the reduction of the resistance component contained in the electrically conductive
layer occurred or not by using X-ray diffraction. The results thereof are shown in Table 1.

[0092] In Table 1, the capacitance and the ESR are represented by an average value of ten samples.
[0093] As is clear from Table 1, when the In-Sn compound oxide or the La-Cu compound oxide was used in the
electrically conductive layer serving as the external electrode, reduction does not occur by a heat treatment in the N2
atmosphere, the capacitance was obtained as designed, and satisfactorily large ESR was able to be obtained.
[0094] On the other hand, in a comparative example in which RuO2 was used, reduction occurred by a heat treatment
in the N2 atmosphere, and a not-so-large ESR was able to be obtained.
[0095] In a comparative example in which Ca-Sr-Ru compound oxide was used, although reduction did not occur by
a heat treatment in the N2 atmosphere, good electrical connection state between the electrically conductive layer and
the internal electrode was not ensured. Consequently, the measured capacitance was very small, and the measurement
of ESR was impossible.
[0096] In a comparative example in which graphite was used as well, the measured capacitance was very small, and
the measurement of ESR was impossible.

[Table 1]

Electrically conductive layer 
resistance component

Capacitance (PF) ESR (mΩ) Occurrence of reduction

In-Sn compound oxide 1.07 252 none

La-Cu compound oxide 1.07 3528 none

RuO2 1.07 19.5 yes

Ca-Sr-Ru compound oxide 0.002 measurement was impossible none

Graphite 0.001 measurement was impossible -
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(Experimental example 2)

[0097] Experimental example 2 was carried out to ascertain that the ESR of the monolithic ceramic capacitor was
able to be adjusted by the amount of addition of the glass component contained in the electrically conductive layer, the
glass softening point, and the amount of addition of the electrically conductive metal component.

(1) ESR adjustment by amount of addition of glass component

[0098] In the electrically conductive layer paste containing the In-Sn compound oxide prepared as the example in the
above-described Experimental example 1, the volume ratio, "In-Sn compound oxide":"glass" was 1:1 (= 5:5). In addition
to this, an electrically conductive paste having the volume ratio of 8:2 and an electrically conductive paste having the
volume ratio of 7:3 were prepared individually. A monolithic ceramic capacitor serving as a sample was prepared in a
manner similar to that in Experimental example 1, the ESRs of ten samples were measured, and the average value and
the standard deviation thereof were determined. Furthermore, the dispersion (3CV) thereof was determined on the basis
of the following equation. 

[0099] The thus determined average values and dispersions (3CV) are shown in Table 2.

[0100] In Table 2, the sample exhibiting "In-Sn compound oxide":"glass" of "5:5" is equivalent to the example in
Experimental example 1.
[0101] As is clear from Table 2, the ESR was able to be adjusted by changing the amount of addition of the glass
component, and the dispersion of the adjusted ESR was relatively small.

(2) ESR adjustment by glass softening point

[0102] In the electrically conductive layer paste containing the In-Sn compound oxide prepared as the example in
Experimental example 1, the glass component having the softening point of about 560°C was contained. In addition to
this, an electrically conductive layer paste containing the same composition based glass component having a softening
point of about 580°C and an electrically conductive layer paste containing a glass component having a softening point
of about 600°C were further prepared. A monolithic ceramic capacitor serving as a sample was prepared from each of
the electrically conductive layer pastes in a manner similar to that in Experimental example 1. The ESRs of ten samples
were measured, and the average value thereof was determined. Furthermore, the dispersion (3CV) thereof was deter-
mined. The results thereof are shown in Table 3.

[Table 2]

In-Sn compound oxide:Glass ESR

Average value (mΩ) 3CV (%)

8:2 92 8.7

7:3 160 9.5

5:5 252 8.0

[Table 3]

Glass softening point ESR

Average value (mΩ) 3CV (%)

about 560°C 252 8.0

about 580°C 521 10.5

about 600°C 1813 14.1
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[0103] In Table 3, the sample exhibiting "glass softening point" of "about 560°C" is equivalent to the example in
Experimental example 1.
[0104] As is clear from Table 3, the ESR was able to be adjusted by changing the glass softening point of the glass
component contained in the electrically conductive layer paste, and the dispersion of the adjusted ESR was relatively
small.
[0105] In this experiment, the glass softening point was changed by using the same composition based glass com-
ponent as in the example of Experimental example 1 and changing the ratio of the constituent elements. However, the
glass softening point may be changed by changing the types of constituent elements.

(3) ESR adjustment by addition of metal

[0106] In the electrically conductive layer paste containing the In-Sn compound oxide prepared as the example in
Experimental example 1, the electrically conductive metal component was not contained. However, electrically conductive
pastes in which a Ag powder was added in such a way that the content thereof becomes 5 percent by volume, 10 percent
by volume, and 20 percent by volume, respectively, relative to the total amount of the Ag powder and the In-Sn compound
oxide powder were further prepared. A monolithic ceramic capacitor serving as a sample was prepared from each of
the electrically conductive layer pastes in a manner similar to that in Experimental example 1. The ESRs of ten samples
were measured, and the average value thereof was determined. Furthermore, the dispersion (3CV) thereof was deter-
mined. The results thereof are shown in Table 4.

[0107] In Table 4, the sample exhibiting "amount of addition of Ag" of "0" is equivalent to the example in Experimental
example 1.
[0108] As is clear from Table 4, the ESR was able to be adjusted by adding the electrically conductive metal component
to the electrically conductive layer paste or changing the amount of addition of the electrically conductive metal component,
and the dispersion of the adjusted ESR was relatively small.

(4) ESR adjustment by addition of insulating oxide

[0109] In the electrically conductive layer paste containing the In-Sn compound oxide prepared as the example in
Experimental example 1, the insulating oxide was not contained. However, electrically conductive layer pastes in which
an Al2O3 powder or a ZrO2 powder serving as the insulating oxide was added in such a way that the content thereof
becomes 5 percent by volume, 10 percent by volume, and 20 percent by volume, respectively, relative to the total amount
of the Al2O3 powder or the ZrO2 powder and the In-Sn compound oxide powder were further prepared. A monolithic
ceramic capacitor serving as a sample was prepared from each of the electrically conductive layer pastes in a manner
similar to that in Experimental example 1. The ESRs of ten samples were measured, and the average value thereof was
determined. Furthermore, the dispersion (3CV) thereof was determined. The results thereof are shown in Table 5 and
Table 6.

[Table 4]

Amount of addition of Ag ESR

Average value (mΩ) 3CV (%)

0 percent by volume 252 8.0

5 percent by volume 181 10.5

10 percent by volume 149 14.1

20 percent by volume 98 13.3

[Table 5]

Amount of addition of Al2O3 ESR

Average value (mΩ) 3CV (%)

0 252 8.0

5 308 12.5

10 653 17.1
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[0110] In Table 5 and Table 6, the samples exhibiting "amount of addition of Al2O3" of "0" and "amount of addition of
ZrO2" of "0", respectively, are equivalents to the example in Experimental example 1.
[0111] As is clear from Table 5 and Table 6, the ESR was able to be adjusted by adding the insulating oxide to the
electrically conductive layer paste or changing the amount of addition of the insulating oxide, and the dispersion of the
adjusted ESR was relatively small.

(Experimental example 3)

[0112] Experimental example 3 was carried out to ascertain the effects of disposition of the second electrically con-
ductive layer, which contains Cu or the Cu alloy, between the electrically conductive layer, that is, the first electrically
conductive layer and the metal plating layer in the case where the metal plating layer is disposed on the outer surface
side of the electrically conductive layer.
[0113] In Experimental example 3, the first electrically conductive layer paste, in which 10 percent by volume of Ag
powder described in item (3) of Experimental example 2 was added relative to a total amount of the Ag powder and the
In-Sn compound oxide powder, was used. A monolithic ceramic capacitor was prepared in a manner similar to that in
Experimental example 1 except that the thickness of the first electrically conductive layer paste after application and
drying was set at about 40 Pm and a heat treatment to keep at a maximum temperature of 700°C for 15 minutes was
adopted.
[0114] A half of the resulting monolithic ceramic capacitors were coated with an electrically conductive paste containing
a Cu powder, glass, and an organic vehicle in such a way as to cover the first electrically conductive layer. Both the
samples coated with the electrically conductive paste, as described above, and the samples not coated with the electrically
conductive paste were subjected to a second baking to keep in a N2 atmosphere at a maximum temperature of 750°C
for 15 minutes. With respect to the sample coated with the electrically conductive paste, the second electrically conductive
layer was formed on the first electrically conductive layer. The ESR of each sample was measured at this stage.
[0115] A known barrel plating method was applied to all samples, so that Ni plating and Sn plating were applied
sequentially. The ESR after the plating was measured. The rates of change of the ESR after the plating relative to the
ESR before the plating of ten samples were calculated, and an average value thereof was determined. A reliability test
was carried out by applying a voltage and standing at a high temperature, and an average life until the insulation resistance
value was two orders of magnitude reduced was determined. The results thereof are shown in Table 7.

[0116] As is clear from Table 7, when the second electrically conductive layer was present under the metal plating
layer, the rate of change of the ESR was able to be reduced and the average life was able to be increased. Therefore,

(continued)

Amount of addition of Al2O3 ESR

Average value (mΩ) 3CV (%)

20 2432 18.3

[Table 6]

Amount of addition of ZrO2 ESR

Average value (mΩ) 3CV (%)

0 252 8.0

5 350 11.9

10 809 15.4

20 2745 16.3

[Table 7]

Second electrically conductive layer Rate of change of ESR after plating Average life (hour)

none -24% 75

present -1.8% > 100
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excellent plating resistance and excellent weather resistance were exhibited.

(Experimental example 4)

[0117] Experimental example 4 was carried out to ascertain the effects of disposition of the second electrically con-
ductive layer, which includes the electrically conductive resin primarily containing the electrically conductive metal com-
ponent and the thermosetting resin, between the electrically conductive layer, that is, the first electrically conductive
layer and the metal plating layer in the case where the metal plating layer is disposed on the outer surface side of the
electrically conductive layer.
[0118] In the Experimental example 4, with respect to the electrically conductive layer paste, an In-Sn compound oxide
powder similar to that prepared in Experimental example 1 was mixed with glass frit and an organic vehicle similar to
those used in Experimental example 1, as well as a Ag powder (average particle diameter: about 1 Pm) for adjusting
the resistance value, in such a way that a volume ratio, "In-Sn compound oxide":"glass":"Ag":"organic vehicle" becomes
9.7:10:0.3:80, and a roll dispersion treatment was performed, so that a first electrically conductive layer paste was
produced.
[0119] Each end portion of a capacitor main body similar to that used in Experimental example 1 was coated with the
above-described first electrically conductive layer paste by a dip method, followed by drying at a temperature of 150°C
for 10 minutes. The coating film thickness after the drying was about 60 Pm.
[0120] The capacitor main body coated with the first electrically conductive layer paste and dried, as described above,
was passed through a continuous belt furnace, so as to be subjected to a heat treatment to keep at a maximum temperature
of 780°C for 15 minutes in a N2 atmosphere (oxygen concentration: 10 ppm or less), so that a monolithic ceramic
capacitor, in which the first electrically conductive layer was disposed in the external electrode, was produced. When
the ESR was measured at this stage, the average value of ten samples was 134 mΩ.
[0121] Subsequently, an electrically conductive resin containing a Ag powder as the electrically conductive metal
component and a phenol resin as the thermosetting resin was applied to the first electrically conductive layer of the
above-described monolithic ceramic capacitor, and this was cured under the curing condition of a temperature of 250°C
for 60 minutes, so that a second electrically conductive layer was formed. The ESR was measured at this stage (before
plating). This ESR is shown in the column "Before plating" in Table 8.
[0122] Here, three types of electrically conductive resins in which the volume ratios of Ag were different, that is, the
electrically conductive resin related to each of Sample Nos. 1, 2, and 3, was prepared as the above-described electrically
conductive resin, and the samples having different Ag exposure factors were prepared, as shown in Table 8.
[0123] A known barrel plating method was applied and, thereby, Ni plating and Sn plating were applied sequentially.
The ESR after the plating was also measured. The rate of change of the ESR after the plating relative to the ESR before
the plating was determined. The results thereof are shown in each of the columns "After plating" and "Rate of change
of ESR after plating" in Table 8.

[0124] The values shown in Table 8 are average values of ten samples.
[0125] When comparisons are made between the ESR value shown in the column "Before plating" and the above-
described ESR value of "134 mΩ" before formation of the second electrically conductive layer, it is clear that the ESR
value is increased by the formation of the second electrically conductive layer and, therefore, the ESR value can also
be changed by the formation of the second electrically conductive layer.
[0126] It is clear on the basis of the values in columns "Before plating", "After plating", and "Rate of change of ESR
after plating" that the ESR values are hardly changed between before and after the plating and, therefore, adequate
plating resistance is provided by the formation of the second electrically conductive layer.
[0127] Fig. 5 shows the relationship between the reciprocal of the Ag exposure factor, that is, "1/Ag exposure factor",
of the second electrically conductive layer and "ESR after plating". The "1/Ag exposure factor" is expressed in such a
way that the Ag exposure factor of 100% is assumed to be "1". In Fig. 5, the point plotted with "O" indicates the case
before the formation of the second electrically conductive layer, that is, the case where the surface of the external
electrode is entirely covered with the electrically conductive metal (corresponding to the case where the Ag exposure

[Table 8]

Sample No. Ag exposure factor Before plating After plating Rate of change of ESR after plating

1 49.6% 284 mΩ 285 mΩ �0%

2 30.3% 483 mΩ 488 mΩ +1%

3 23.7% 625 mΩ 631 mΩ +1%
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factor is 100%).
[0128] As is clear from Fig. 5, good proportionality is observed between the reciprocal of the Ag exposure factor and
the ESR. This indicates that the resistance value can be controlled by changing the volume ratio (blending ratio) of Ag
and, thereby, changing the exposure area of Ag in the second electrically conductive layer.

(Experimental example 5)

[0129] Experimental example 5 was carried out to ascertain that the ESR of the monolithic ceramic capacitor was
able to be adjusted by changing the dimension in the width direction of the lead portion of the internal electrode.
[0130] A capacitor main body designed in such a way that an internal electrode contains Ni and the capacitance
becomes 1 PF was prepared for a monolithic ceramic capacitor by a known method. At this time, three types of capacitor
main bodies were prepared, wherein the length of the side, which was exposed at the end surface of the capacitor main
body, of the lead portion of the internal electrode (that is, the dimension in the width direction of the lead portion) was
set at 1,500 Pm, 1,000 Pm, or 500 Pm. In each of the three types of capacitor main bodies, the length of the side opposed
to the lead portion of the internal electrode was 3,000 Pm.
[0131] On the other hand, in order to form an electrically conductive layer containing a resistance component, in the
example within the scope of the present invention, an electrically conductive layer paste was prepared as described below.
[0132] An In2O3 powder was mixed with a SnO2 powder in such a way that the content of the SnO2 powder became
5 percent by weight relative to a total amount of the In2O3 powder and the SnO2 powder, and calcination was performed
in the air at 1,400°C for 5 hours, so that SnO2 was allowed to form a solid solution adequately. Thereafter, a grinding
treatment was performed until the average particle diameter became about 1 Pm, so that an In-Sn compound oxide
powder was produced.
[0133] The thus produced In-Sn compound oxide powder was mixed with glass frit (B-Si-Zn-Ba-Ca-Al based glass,
softening point: about 560°C, average particle diameter: about 1 Pm), a Ag powder (average particle diameter: about 1
Pm) for controlling the resistance value, and an organic vehicle containing 80 parts by weight of terpineol based organic
solvent and 20 parts by weight of acrylic resin binder in such a way that a volume ratio, "In-Sn compound ox-
ide":"glass":"Ag":"organic vehicle", became 9.7:10:0.3:80, and a roll dispersion treatment was performed, so that an
electrically conductive layer paste was produced.
[0134] Each end portion of the thus prepared capacitor main body was coated with the above-described electrically
conductive layer paste by a dip method, followed by drying at a temperature of 150°C for 10 minutes. The coating film
thickness after the drying was about 60 Pm.
[0135] The capacitor main body coated with the electrically conductive layer paste and dried, as described above,
was passed through a continuous belt furnace, so as to be subjected to a heat treatment to keep at a maximum temperature
of 780°C for 15 minutes in a N2 atmosphere (oxygen concentration: 10 ppm or less), so that a monolithic ceramic
capacitor serving as a sample of an example was produced.
[0136] On the other hand, for comparative example, an electrically conductive layer paste containing a Cu powder,
glass, and an organic vehicle was prepared in place of the electrically conductive layer paste related to the above-
described example. Each end portion of the capacitor main body prepared as described above was coated with the
resulting electrically conductive layer paste by a dip method, followed by drying. Thereafter, a heat treatment to keep at
a maximum temperature of 750°C for 15 minutes in a N2 atmosphere was performed, so that a monolithic ceramic
capacitor serving as a sample of a comparative example was produced.
[0137] Subsequently, the ESR of the monolithic ceramic capacitor of each sample was measured. The results thereof
are shown in Table 9.

[0138] The values shown in Table 9 are average values of ten samples.

[Table 9]

Dimension in width direction of internal electrode lead portion [Pm] ESR [mΩ]

Example

1500 134

1000 301

500 815

Comparative example

1500 6

1000 6

500 7
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[0139] As is clear from "Example" in Table 9, in the case where the electrically conductive layer was allowed to have
relatively high resistance by using the compound oxide, e.g., the In-Sn compound oxide, in the electrically conductive
layer serving as the external electrode, the ESR was able to be significantly changed to increase as the dimension in
the width direction of the internal electrode lead portion was reduced, that is, the connection area between the internal
electrode and the electrically conductive layer was reduced.
[0140] On the other hand, in "Comparative example", since a Cu thick film was used in the electrically conductive
layer serving as the external electrode, the resistance value of the electrically conductive layer was inherently relatively
low. Consequently, the ESR was not significantly changed even when the dimension in the width direction of the internal
electrode lead portion was changed.

Claims

1. A monolithic ceramic capacitor comprising a capacitor main body having a layered structure, in which ceramic layers
and internal electrodes are layered alternately, and external electrodes disposed on an outer surface of the capacitor
main body in such a way as to electrically connect to the internal electrodes, wherein
the internal electrode contains Ni or a Ni alloy, and
the external electrode includes a first electrically conductive layer containing a compound oxide, which reacts with
Ni or the Ni alloy, and a glass component.

2. The monolithic ceramic capacitor according to Claim 1, wherein the compound oxide includes an In-Sn compound
oxide.

3. The monolithic ceramic capacitor according to Claim 1, wherein the external electrode further comprises a metal
plating layer disposed on the outer surface side of the first electrically conductive layer.

4. The monolithic ceramic capacitor according to Claim 3, wherein the external electrode further comprises a second
electrically conductive layer which is disposed between the first electrically conductive layer and the metal plating
layer and which contains Cu or a Cu alloy.

5. The monolithic ceramic capacitor according to Claim 3, wherein the external electrode further comprises a second
electrically conductive layer which is disposed between the first electrically conductive layer and the metal plating
layer and which includes an electrically conductive resin primarily containing an electrically conductive metal com-
ponent and a thermosetting resin.

6. The monolithic ceramic capacitor according to Claim 3, wherein the metal plating layer comprises a Ni plating layer
serving as a substrate and a Sn plating layer or a solder plating layer disposed on the Ni plating layer.

7. The monolithic ceramic capacitor according to Claim 1, wherein the first electrically conductive layer further comprises
an electrically conductive metal component or an insulating oxide for adjusting a resistance value of the external
electrode.

8. The monolithic ceramic capacitor according to Claim 1, wherein the internal electrodes comprise lead portions
electrically connected to the external electrodes, and in at least one of the internal electrodes, the length of a side,
which is in contact with the first electrically conductive layer, of the lead portion is smaller than the length of the side,
which is opposed to the lead portion, of the internal electrode.

9. A method for adjusting an equivalent series resistance of a monolithic ceramic capacitor comprising a capacitor
main body having a layered structure, in which ceramic layers and internal electrodes are layered alternately, and
external electrodes disposed on an outer surface of the capacitor main body in such a way as to electrically connect
to the internal electrodes, wherein the internal electrode contains Ni or a Ni alloy, and the external electrode includes
an electrically conductive layer containing a compound oxide, which reacts with Ni or the Ni alloy, and a glass
component, the method comprising the step of:

adjusting the resistance value of the external electrode by changing at least one of the amount of addition of
the glass component contained in the electrically conductive layer and the glass softening point.

10. The method for adjusting an equivalent series resistance of a monolithic ceramic capacitor according to Claim 9,
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wherein the compound oxide includes an In-Sn compound oxide.

11. A method for adjusting an equivalent series resistance of a monolithic ceramic capacitor comprising a capacitor
main body having a layered structure, in which ceramic layers and internal electrodes are layered alternately, and
external electrodes disposed on an outer surface of the capacitor main body in such a way as to electrically connect
to the internal electrodes, wherein the internal electrode contains Ni or a Ni alloy, and the external electrode includes
an electrically conductive layer containing a compound oxide, which reacts with Ni or the Ni alloy, a glass component,
and an electrically conductive metal component or an insulating oxide, the method comprising the step of:

adjusting the resistance value of the external electrode by changing at least one of the amount of addition of
the glass component contained in the electrically conductive layer, the glass softening point, and the amount
of addition of the electrically conductive metal component or the insulating oxide.

12. The method for adjusting an equivalent series resistance of a monolithic ceramic capacitor according to Claim 11,
wherein the compound oxide includes an In-Sn compound oxide.

13. A method for adjusting an equivalent series resistance of a monolithic ceramic capacitor comprising a capacitor
main body having a layered structure, in which ceramic layers and internal electrodes are layered alternately, and
external electrodes disposed on an outer surface of the capacitor main body in such a way as to electrically connect
to the internal electrodes, wherein the internal electrode contains Ni or a Ni alloy, and the external electrode includes
a first electrically conductive layer containing a compound oxide, which reacts with Ni or the Ni alloy, and a glass
component and a second electrically conductive layer which is disposed on the outer surface side of the first elec-
trically conductive layer and which includes an electrically conductive resin primarily containing an electrically con-
ductive metal component and a thermosetting resin, the method comprising the step of:

adjusting the resistance value of the external electrode by changing at least one of the amount of addition of
the glass component contained in the first electrically conductive layer, the glass softening point, and the amount
of addition of the electrically conductive metal component contained in the second electrically conductive layer.

14. The method for adjusting an equivalent series resistance of a monolithic ceramic capacitor according to Claim 13,
wherein the compound oxide includes an In-Sn compound oxide.

15. A method for adjusting an equivalent series resistance of a monolithic ceramic capacitor comprising a capacitor
main body having a layered structure, in which ceramic layers and internal electrodes are layered alternately, and
external electrodes disposed on an outer surface of the capacitor main body in such a way as to electrically connect
to the internal electrodes, wherein the internal electrode contains Ni or a Ni alloy, and the external electrode includes
a first electrically conductive layer containing a compound oxide, which reacts with Ni or the Ni alloy, a glass
component, and an electrically conductive metal component or an insulating oxide and a second electrically con-
ductive layer which is disposed on the outer surface side of the first electrically conductive layer and which includes
an electrically conductive resin primarily containing an electrically conductive metal component and a thermosetting
resin, the method comprising the step of:

adjusting the resistance value of the external electrode by changing at least one of the amount of addition of
the glass component contained in the first electrically conductive layer, the glass softening point, the amount
of the electrically conductive metal component or an insulating oxide in the first electrically conductive layer,
and the amount of addition of the electrically conductive metal component contained in the second electrically
conductive layer.

16. The method for adjusting an equivalent series resistance of a monolithic ceramic capacitor according to Claim 15,
wherein the compound oxide includes an In-Sn compound oxide.

17. The method for adjusting an equivalent series resistance of a monolithic ceramic capacitor according to any one of
Claims 9 to 16, wherein the internal electrodes comprise lead portions electrically connected to the external elec-
trodes, the method further comprising the step of adjusting the equivalent series resistance by changing the length
of a side, which is in contact with the first electrically conductive layer, of the lead portion in at least one of the internal
electrodes.
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